The use of Cephalosporium eichhorniae 152 (ATCC 38255) (reclassified as Acremonium alabamense; see Addendum in Proof), a thermophilic, acidophilic, amylolytic fungus, for the conversion of potato processing wastes into microbial protein for use as animal feed was studied. The fungus was not inhibited by a-solanine or 0-2-chaconine, antimicrobial compounds in potatoes, or by morpholine or cyclohexylamine (additives to steam used in the peeling process) at levels likely to be encountered in this substrate. Mixed effluent from holding tanks at a potato-processing plant contained about 109 bacteria per ml and inhibited fungal growth.
Inocula. Phialospore suspensions were prepared from potato dextrose agar slants in 150-ml screw-capped bottles incubated for 12 to 13 days at 45°C. Spores were scraped from the surface of each slant into 10 ml of sterile 0.02% Tween 80 (Fisher Scientific Co.) and filtered through sterile glass wool to remove mycelial fragments. Flask or culture tubes were inoculated with 5 x 105 spores per ml as determined by hemacytometer counts. Five-liter fermentors were inoculated with 10% (vol/vol) of cultures grown from spores on potato-based medium for 48 h at 45°C in baffled Erlenmeyer flasks. The 70-liter fermentor was inoculated with 10% (vol/vol) of 16-to 18- h cultures grown in 5-liter fermentors containing potato-based medium with 2% total carbohydrate.
Media. The basal medium was prepared as described by Mikami et al. (17) , except that potato starch replaced cassava starch, and the pH was adjusted to 3.75 with H2SO4.
Potato-based media, used in some flask experiments and most fermentor experiments, were prepared from whole (not peeled) fresh potatoes or potato wastes. The potatoes were homogenized in a Waring blender for 2 min or ground in a Hobart food grinder (through 2-mm-diameter holes), mixed with deionized water (140 ml of homogenate and 860 ml of water to give approximately 2% total carbohydrate), and heated to 70 to 80°C for 15 min, with continuous agitation, to gelatinize the starch. Except where otherwise indicated, the ground potatoes were supplemented with (NH4)2SO4 (3.5 g/liter) and KH2PO4 (0.6 g/liter). Medium with 4% carbohydrate was supplemented with twice these amounts. Media for use in Erlenmeyer flasks were also supplemented with 7.5 g of tartaric acid (which was not utilized by the organism) per ml as a pH buffer. The pH was adjusted to 7.0 with 10 N NaOH before dispensing and autoclaving and was then aseptically adjusted to 3.75 with 2 N H2SO4. In some experiments, monoammonium phosphate (0.506 g/liter) replaced KH2PO4 (in equal molar amounts), and further nitrogen was supplied as (NH4)2SO4 or NH40H or both. Automatic pH control in fermentors was achieved with 2 N H2SO4 and either 2 N NaOH or 2 N NH40H. About 0.3 ml of X-foam (Lawrason's Chemicals, Toronto) per liter was added to prevent foaming.
Biomass production. Small-volume growth experiments were conducted in 500-ml baffled Erlenmeyer flasks (Bellco), containing 50 ml of basal medium or potato-based medium, which were incubated on a reciprocating shaker (100 strokes per min) at 45°C for 48 h. A three-unit set of 5-liter fermentors (New Brunswick Scientific Co.) was used for 3-liter-scale experiments. Impellor agitation speed and aeration rates were 300 rpm and 3 liters of air per min, respectively, for the first S h postinoculation and 500 rpm and 5 liters of air per min thereafter. Culture pH was maintained at 3.75 by Chemtrix pH controllers. The lower initial agitation rates were used to minimize shearing damage in young cultures. Fifty-liter scale experiments were performed in a 70-liter PEC fermentor (Chemap) equipped with automatic pH (3.75) and temperature (45°C) control. The impellor was operated at 300 rpm for 5 h postinoculation and at 500 rpm thereafter. Aeration rate was 12 liters of air per min with a pressure of 52 kPa above atmospheric pressure (7.5 lb/in2). Exhausted air was passed through a reflux condenser to avoid water loss by evaporation. Temperature, pH, and dissolved oxygen were continuously monitored by internal probes and recorded.
Analytical procedures. Dry weight, total nitrogen, and total carbohydrate were determined as previously described (23) . In some experiments, samples taken for dry weight determinations were adjusted to pH 6.5 with 2 N NaOH and treated with 0.6% of a commercial amylase preparation (Termamyl, 67.4 kiloNovo units per g; Novo Enzymes) at 45°C for 2 h on a reciprocating shaker (100 strokes per min) before filtering.
This treatment eliminated most of the starch substrate from the sample. It made large differences in the dry weight values obtained in the first 10 to 11 h of growth in a fermentor but had a negligible effect thereafter. Crude protein was calculated by multiplying total nitrogen by 6.25. True protein was determined by the method of Lowry et al. (15) with bovine serum albumin as the reference protein. Reducing sugars were assayed with Sumner 3,5-dinitrosalicylic acid reagent as described by Arnold (2) . Solanine and chaconine were determined as described by Dabbs and Hilton (5) .
Samples of whole potatoes, before and after steam peeling, and various potato wastes were collected from the Kellogg-Salada Foods plant in Alliston, Ontario, during normal plant operation. The samples were transported to the laboratory within 2 h and either used immediately or frozen at -20°C until needed. Samples of processing wastes were analyzed for dry matter, protein, calcium, phosphorus, magnesium, potassium, manganese, copper, iron, and zinc by the Feed Analysis Laboratory, Department of Animal and Poultry Science, University of Guelph.
RESULTS
Composition of potato wastes. The potato waste referred to here as the combined effluent was derived from three major sources in the potato processing plant. Above 75% of the waste was comprised of steam-heated peelings. These came from a process in which washed potatoes were exposed to steam at ca. 1,450 kPa for 15 to 30 s, to loosen the peelings, and subsequently exposed to tumbling and water spray to remove the peel. About 12% of the waste consisted of culled potatoes which had been disintegrated by a hammer mill. The remainder of the waste was derived from water used to wash the potatoes and wash away spilled potato pieces. This latter wash water was passed through a screen which removed particles larger than 3.2 mm in diameter and then run into a settling tank. The particles removed by the screen and the sediment from the settling tank were combined with the other wastes described above and placed in a holding tank. This combined effluent, made available at zero cost, was trucked daily to a cattle feedlot. The high water content of this waste and its relatively low nutritional value made the transportation of the waste of questionable value, according to the feedlot owner. If the waste from such a plant were not removed as animal feed, a disposal cost would be incurred by the processing plant. Under these circumstances, waste used as substrate for MBP would have a negative on-site value. Table 1 shows the range of concentrations of nutrients present in samples of the combined effluent and the filtrate, resulting from passing the effluent through a rotary-drum separator (pore width, 220 ,um). These values are shown separately since one possible process would be to separate the solids for direct use as animal feed and produce MBP on the filtrate only. Statistically significant differences in concentrations of the major components occurred at the different sampling times (September, December, February, and June of 1982 and 1983), but it was not clear whether these differences represented seasonal effects. The total utilizable carbohydrate content of the combined effluent invariably exceeded the 4% level previously found to be optimum for MBP production by C. eichhorniae 152 in a stirred fermentor. The portion passing through the rotary-drum separator (about 67% of the total volume) had carbohydrate concentrations slightly less than the desired 4% level at two of the four sampling times.
Growth of C. eichhorniae 152 on various waste components. Preliminary experiments showed that C. eichhorniae 152 was unable to grow in media prepared with the combined effluent. Therefore, a series of experiments was performed to determine the reason for this lack of growth. Table 2 shows a comparison of the growth of this organism in 500-ml shaken, baffled Erlenmeyer flasks containing 50-ml volumes of media prepared with various potato waste streams. All of the wastes tested supported good growth of the fungus except the combined effluent and the sludge from the settling tank. Significantly poorer growth occurred, however, on media prepared from peeling waste than from media prepared from potato culls, even though they were adjusted to give equal total carbohydrate concentrations. A further experiment showed that as little as 20% combined effluent, added to basal synthetic medium, completely inhibited growth and spore germination of C. eichhorniae 152, whereas a 10% concentration allowed only a few spores to germinate.
Effect of solanine and chaconine on growth of C. eichhorniae 152. Since naturally occurring fungistatic glycoalkaloids, principally solanine and chaconine, can build up in damaged potatoes (16) , the possibility that these compounds could be responsible for the fungitoxicity of the combined effluent was explored. Analysis of the combined effluent showed that it contained 0.06 to 0.08 mg of total glycoalkaloids per ml.
Equal amounts of o-solanine and P-chaconine, added to basal synthetic medium to give concentrations of combined glycoalkaloids up to 0.4 mg/ml (five to seven times higher than the concentrations present in the combined effluent) had no significant effect on the yield of mycelium.
Effect of steam additives on growth of C. eichhorniae 152. Since steam used in the potato peeling process is reused within the plant, volatile neutralizing amines are added to the boilers to prevent acid corrosion in the condensate return lines. In the plant under study, a 40% aqueous solution called Alkameen D (Dearborn Chemicals), which contains morpholine and cyclohexylamine, was added at the rate of 2.7 to 4.5 kg per 262,000 kg of steam. Among other uses, morpholine compounds are used as fungicides (30) , so the possibility that these compounds might accumulate in sufficient concentrations in the potato wastes to inhibit fungal growth was explored.
Morpholine and cyclohexylamine were each added in concentrations from 0 to 100 ,ul/liter, in 10-iAl/liter increments, to basal synthetic medium inoculated with C. (Table 3) . No attempt was made to identify the species present. Yeasts and molds, able to grow on potato dextrose agar, comprised less than 0.2% of the population. Negligible numbers of coliform and related bacteria were present, as indicated by the low numbers of colonies arising on violet red bile agar and eosin-methylene blue lactose agar. Effect of high levels of ferric chloride on growth of C. eichhorniae 152. Samples of settling tank sludge and combined effluent from the Kellogg-Salada plant were found to contain 319 and 338 mg of iron per liter, respectively, on a wet weight basis, whereas a sample of the waste stream entering the settling tank contained only 21 mg of iron per liter. Since the acidity of the settling tank sludge was near pH 2 and that of the effluent was near pH 4, we assumed that the high iron concentrations resulted from chemical leaching from the iron tanks and dredging machinery. Ferric iron concentrations which exceeded the iron concentrations found in the combined effluent did not inhibit the growth of C. eichhorniae 152 grown in baffled Erlenmeyer flasks ( Fig.  1) . Surprisingly, the mycelium yield increased as the iron concentration was increased to 200 or 300 mg/liter. The iron concentration in fresh potato medium ( Fig. 1 ), although exceeding that in the basal synthetic medium, was much lower than the concentration of Fe3" giving maximum growth in this experiment. A high iron requirement had not been observed, however, in previous experiments with cassava. Accordingly, experiments were performed with 5-liter fermentors and various concentrations of ferric chloride in both potato-based and cassava-based media. In two separate experiments (Table 4) , both the dry weight yields and the crude protein yields increased when supplemental ferric iron was added to the potato-based media. No marked a Purified potato starch was present at a concentration of 2% as basal synthetic medium. All other carbohydrate sources were prepared at a concentration of 2% glucose equivalent in the potato-based medium described in increase was noted with the cassava-based medium, in agreement with previous studies. The 200-mg/liter supplementation appeared to result in a decreased protein content with the cassava medium, but this experiment was not repeated. The iron content of the cassava was not determined, but based on analytical data on 34 cultivars (21) the cassava meal could be expected to have contributed 1.0 to 5.6 mg iron per liter of medium.
Utilization of protein and alternative nitrogen sources by C. eichhorniae 152. Table 1 shows that 12.1 to 15.5% of the total dry matter of potato waste was crude protein (total N x 6.25). Although about one-half of the total nitrogen in potatoes is nonprotein nitrogen, especially free amino acids (28), a substantial amount of nitrogen and organic matter present in the wastes would be unavailable for MBP production by any organism which could not utilize protein. C. eichhorniae 152 utilized gelatin as efficiently as ammonium sulfate as a nitrogen source in the basal medium (Table 5) . Casein, however, was only partially used by the harvesting time. Protein supplied by fresh potatoes appeared to be fully utilized. With 0.50 g of N per liter supplied in potato homogenate, 6.69 g of MBP was produced. Assuming the biomass contained at least 45% crude protein (cf. Tables 4 and 8), then the MBP contained at least 0.48 g of N per liter, i.e., all or almost all of the nitrogen supplied by the potato homogenate. As much growth was obtained without as with supplemental nitrogen in this experiment, because the final yield of biomass in flask experiments was much less than in stirred, vigorously aerated, fermentors. More quantitative data on the utilization of potato protein by C. eichhorniae 152 was obtained in experiments with 5-liter fermentors containing potato homogenates with only part of the nitrogen requirements provided by the addition of ammonium sulfate. In all cases, most of the nitrogen provided by the potato protein was efficiently and rapidly incorporated into MBP ( Table 6) . A comparison of the chemicals for supplementing potato waste medium showed that the lowest-cost formulation was the use of ammonium dihydrogen phosphate to supply the necessary phosphorus and part of the nitrogen and ammonium hydroxide to supply the remainder of the nitrogen and maintain the pH constant. When ammonium sulfate was used as the nigrogen source, sodium hydroxide was required to maintain a constant pH, and when urea was used both acid and base were required at various times (data not shown). Figure 2 shows the time course of microbial biomass protein production in a potato-based substrate containing the minimal amount of ammonium dihydrogen phosphate required to supply the needed phosphorus, as the sole initial source of nitrogen, compared with a fermentor containing both ammonium dihydrogen phosphate and ammonium sulfate. Automatic additions of ammonium hydroxide were used to maintain both fermentors at pH 3.75. The data show that MBP production was almost identical with these two conditions. The large decrease in the dry weight of biomass recoverable by filtration during the first 6 h of incubation resulted from the disaggregation and hydrolysis of clumps of starch granules.
When NH40H was used from the beginning of the growth 3.75 in fresh potato-based medium (2% carbohydrate) supplemented with either 0.506 g of NH4H2PO4 per liter (0) or 0.506 g of NH4H2PO4 plus 0.305 g of (NH4)2SO4 per liter (0). Automatic adjustment to pH 3.75 was effected with 2 N NH40H. in a fermentor, automatic titration with NH40H precisely balanced the addition of nitrogen with its rate of utilization, and the nitrogen content of the MBP approximately equalled the nitrogen supplied as NH40H (Table 7 ). These data indicate that the culture utilized the ammonia preferentially rather than utilizing the potato protein. A more efficient utilization of nitrogen would presumably occur if the initial pH control were achieved with sodium hydroxide until the potato protein was depleted.
Feasibility of a nonsterile process. Previous studies on MBP production by thermotolerant fungi on cassava in stirred fermentors, at both the laboratory and pilot plant scale (23, 25) , had shown that nonsterilized cassava mash could be used routinely under nonaseptic conditions at 45°C and pH 3.5 in batch cultures without contamination becoming a problem. During the growth of C. eichhorniae 152 on nonsterile potato homogenates or potato wastes, however, massive bacterial contamination was usually encountered. Attempts to eliminate the contaminants by increased incubation temperature (47°C) or decreased pH (3.0) or both were unsuccessful. In all cases the contaminants appeared to belong to the same species, apparently present in pure axenic culture. Isolates from two separate nonsterile experiments were studied in an attempt to determine conditions which would limit their growth in potato-based media. The two contaminants studied differed slightly in their properties, but both were considered to be strains of Bacillus brevis or closely related to this species. The identification was based on morphology (including electron microscopy), fermentation data, and a maximum salt tolerance of 1%. The most diagnostic properties were elliptical, subterminal spores which distended the sporangia and, when liberated, showed considerable stainability (3). These strains were motile, did not hydrolyze starch, did not grow anaerobically or in 5% NaCl, produced acid from glucose and mannitol, and contained cytochromes, all properties of B. beievis. They were atypical in that they produced acid from arabinose and xylose. Both contaminants grew throughout the same temperature and pH ranges as C. eichhorniae 152. (Isolate 1 grew from 25 to 54°C, and isolate 2 grew from 25 to 60°C; both isolates grew from pH 3.0 to 6.0. C. eichhorniae 152 [17] grows from 27 to 52°C and pH 3.0 to 6.0, inclusive.) The viability of the spores of both contaminants was not affected by heating to 75°C for 15 min at either pH 3.5 or 6.0 (conditions used to gelatinize the starch before nonsterile MBP production) but the spores were killed in 15 min at 100°C at both pH values.
The reason that nonaseptic MBP production from potatoes with C. eichhorniae 152 was subject to bacterial contamination, whereas MBP production from cassava was not, was investigated by inoculating sterile media prepared with potatoes, cassava, and a mixture of both with pure cultures of the contaminants. The bacteria increased in numbers in the potato medium but decreased in numbers in the cassava medium (Fig. 3 ). Both strains increased in numbers, but to a varied extent, in a medium prepared from a mixture of potato and cassava.
Characteristics of growth of C. eichhorniae 152 in potato medium. Some of the parameters characterizing the growth 
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a Fifty-liter volume containing whole potato mash (280 g [wet weight] per liter), and monoammonium phosphate (1.012 g/liter) with the pH controlled at 3.75 by 3.16 N NH40H. Conditions were as described in Materials and Methods. b EID, Rate of true protein synthesis/rate of biomass synthesis; FID, rate of crude protein synthesis/rate of biomass synthesis. c Increases in biomass yield, true protein, and ammonium hydroxide utilized were all linear between 8 and 15 h postinoculation. of C. eichhorniae 152 in a 70-liter fermentor containing potato medium with about 5.6% total carbohydrate are given in Table 8 . During the last two-thirds of the incubation period, growth was linear rather than logarithmic, presumably because of oxygen limitation (Fig. 2) . In spite of the greater carbohydrate concentration, with the consequent greater viscosity, in the 70-liter than in the 5-liter fermentors, the steady-state growth occurring between 8 and 15 h postinoculation was more rapid in the former (1.51 g/liter per h, compared with 0.89 g/liter per h; Fig. 2 ), and the maximum yield was achieved as quickly (about 17 h). Maximum yield was typically reached 3 to 4 h sooner in potato-based media than in cassava-based media (17) , where 20 h was typical. A pause in growth was observed between about 5 and 8 h postinoculation, which agrees with data from 5-liter fermentors (Fig. 2) and has been occasionally observed with cassava as a substrate (unpublished data).
DISCUSSION
The data presented here indicate that the process previously described for the production of microbial biomass protein from cassava by C. eichhorniae 152 can be applied to potato wastes with appropriate modifications. Potatoes do not contain cyanogenic glucosides, such as those which inhibit the growth of C. eichhorniae 152 in cassava substrates unless specific precautions are taken, and the antimicrobial compounds (solanine and chaconine) that are found in potatoes are shown here not to inhibit the growth of the fungus at levels greatly in excess of the concentrations of these compounds in the combined effluent. The solanine levels in potato tubers usually range from 0.01 to 0.1% (dry weight), and potatoes containing more than 0.1% solanine are considered unfit for human consumption (28) . A medium prepared with 5% (dry weight) potato, containing this upper level of solanine, would contain 0.05 mg of solanine per ml. Since 0.4 mg of glycoalkaloids per ml had no effect on the growth of C. eichhorniae 152, it is unlikely that solanine or chaconine would cause a problem in MBP production from potato wastes. McKee (16) showed that the glycoalkaloids in potatoes were fungicical only as the undissociated base and at low pH were relatively inactive (at pH 5.6 the 50% lethal dose for Fusarium caeruleum was 100 times greater than that at pH 7.6). The low pH of the medium used for the cultivation of C. eichhorniae 152 probably accounts for the observed lack of inhibition by solanine and chaconine. The volatile amines in the steam used in the potato peeling process were similarly not inhibitory at the concentrations used.
It is clear, however, that the potato wastes must be used soon after they are generated, because they became toxic to the fungus during storage. Although the cause of the antifungal activity in the stored mixed effluent was not identified, it was probably one or more products of bacterial growth since very dense bacterial populations (about 109 bacteria per ml) were present.
Although large-scale growth of C. eichhorniae 152 can routinely be carried out with nonsterilized cassava substrates without problems from contaminants, this is not so with potato substrates. An aerobic spore-forming bacterium, most closely resembling Bacillus brevis, was commonly encountered when MBP production was attempted with nonsterile potato substrates. Since the contaminant grew throughout both the temperature range and the pH range permitting growth of C. eichhorniae 152, growth conditions were not identified which would exclude the contaminant.
This contaminant was found to be incapable of growing in cassava medium. It is not clear whether this is because it requires a growth factor provided by potatoes or whether it is inhibited by a component in cassava. Since spores of the contaminant were killed by heating at 100°C for 15 min, heating the substrate in this way would probably suffice, in an applied process, to avoid contamination problems. Any starch-based substrate must, in any case, be heated to gelatinize the starch before the starch can be efficiently hydrolyzed by the culture's amylolytic enzymes. A treatment at 70 to 80°C for 10 min, however, suffices for this purpose (23) .
The ability of C. eichhorniae 152 to utilize potato protein offers three advantages over the use of nonproteolytic organisms for MBP. It reduces the amount of nitrogen supplementation required by up to 50%; it provides additional organic matter for growth by the organism; and it reduces the amount of waste organic matter to be disposed of at the end of each MBP production batch, since most of the potato protein is in the soluble portion of the substrate. The use of ammonium hydroxide to maintain the pH constant and simultaneously supply nitrogen for protein synthesis appears to be the cheapest and most efficient method to supply supplemental nitrogen, but a technical problem arises because the culture does not utilize the potato protein completely as long as it has adequate nitrogen present as ammonia. A carefully monitored system in which the pH is controlled with sodium hydroxide until the potato protein is depleted, followed by automatic titration with NH40H, should overcome this problem.
Complete optimization of the MBP process of C. eichhorniae 152 on potato wastes remains to be done, and optimal conditions will undoubtedly vary somewhat according to the properties of the wastes at different plants. In particular, the minimal iron supplementation required needs to be studied further. The concentration of ferric iron in potato medium that permitted maximum yield of biomass greatly exceeded the concentration of iron previously used in cassava medium (17) . In a single experiment in which 0.5and 1.0-g/liter amounts of FeCl3 6H20 were added to cassava medium, in 5-liter fermentors no significant increases in biomass or crude protein yields were obtained (data not shown). This fact suggests that the ferric chloride addition may have exerted a nonnutritional effect in potato medium, such as modifying the oxidation-reduction potential.
The major nutritional deficiency in the MBP is the suboptimal amount of methionine (1) . This amino acid is nearly always deficient in microorganisms used for MBP, although a report from this laboratory describes a strain of Sporotrichum pulverulentum which contains 3.3 g of methionine per 100 g of crude protein (26) . Studies are underway in this laboratory on the selection of mutants of C. eichhorniae 152 with increased methionine levels, using techniques previously applied successfully with yeasts (18, 22) .
The process described here for producing MBP from potato wastes is simpler than the processes utilizing yeasts because a single culture is used and no prior hydrolysis of the starch is required. For example, in two processes an industrial amylolytic enzyme, Termamyl, was used to hydrolyze potato starch to glucose before the growth of Candida utilis (19) and other species of yeasts (12) . In the Swedish Symba process (9) the amylolytic fungus Saccharomycopsis fibuligera is grown together with C. utilis; the former species hydrolyzes the starch, and the latter grows rapidly on the sugars released. More recent evaluations of this process (10, 14, 19) suggest that this process is only partially successful when applied to potato wastes. An amylolytic strain of Canadida tropicalis has been reported to convert starchy substrates into cell mass in a single stage (24) , but its use on potato wastes has not been described.
The harvesting of filamentous fungi by filtration is much cheaper than the use of centrifugation required with yeasts (27) . Karim and Sistrunk (11) found that Neurospora sitophila NRRL 2884 very effectively reduced the chemical oxygen demand of potato processing waste water in 48 h. Other processes described for the use of filamentous fungi on vegetable processing wastes (4) have not concerned thermotolerant fungi and have not specifically concerned potato wastes. Cooling costs would be higher in these processes using mesophilic fungi than the process described here.
The yield and quality of the biomass formed with C. eichhorniae 152 compare favorably with other processes described. For example, the Symba process applied to whole (rejected) potatoes gave a product with 40% crude protein and a biomass yield of 60% of the available starch (9) . The biomass obtained by Karim and Sistrunk (10) from steampeeled potato effluent waste water contained only 29 to 31% crude protein when a Symba-like process was employed. The product they obtained with Neurospora sitophila contained 39% crude protein (11) . Kombila-M et al. (12) obtained maximum yields of only 31% of the starch utilized in studies with four strains of yeasts grown on enzymehydrolyzed potato starch. They did not report the protein content. Lemmel et al. (14) obtained crude protein levels of 53 to 60% with C. utilis grown on potato processing waste water, but they were working with dilute substrates and yields of only 1.3 g/liter. By contrast, C. eichhorniae 152 gave biomass yields of approximately 53% of the initial substrate ( Fig. 2) and 67.5% of the carbohydrate utilized (Table 8 ) while producing biomass with 48 to 49% crude protein (42.4% true protein). Biomass produced by this fungus has been shown to be of good nutritional value for rats if supplemented with methionine (1) .
